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South Dakota State University
Brookings, South Dakota
Department of Animal Science A.S. Series 74-9
Poultry Section
Some Effects of Low Protein Grower Diets
Fed With or Without Antibiotics on Growth
Rate and Siibsequent Reproductive Performance
R. A. Nelson, C. E. Holmquist and C. W. Carlson^
Several studies at this station have shown that Leghorn-type pullets can utilize
diets as low as 10 to 12% protein during the growing stage (8 to 20 weeks) without
adversely affecting their subsequent reproductive performance. Mortality during
the growing and laying period was either unaffected or decreased. However, low-
protein, low-energy fed pullets tend to consume 1 to 2 pounds more feed during
the growing period. As a result, pullet growers have tended to continue using
the higher protein and higjxer energy diets. Two studies have been completed and
another is under way to further evaluate low protein grower diets with and without
antibiotics on subsequent egg production.
Sixty 10-week-old pullets of each of three commercial strains of layer-type
chickens were placed into each of 12 pens with corn-cob litter. They had been
grown on a high energy, 20% protein, corn-soybean starter diet. Two grower diets
containing 10% (1900 kcal ME/kg) or 12% (2900 kcal ME/kg) protein were supplemented
with or without 22 ppm each of Neomycin and Terramycin. This was replicated three
times. At 21 weeks of age they were placed in layer cages and fed layer diets
of 18 or 14% protein. The 14% protein diet was supplemented with 2 pounds of
methionine per ton. Those on the 18% protein diet were switched to 16% protein
diets at 42 weeks of age.
Results in Tables 1 through 5 indicate that the grower diets produced few
differences in growth and subsequent reproductive performance. Completed experi
ments shown in Tables 1 and 2 and those still under way in Tables 4 and 5 confirm
the observation that subsequent laying house mortality was decreased on the lower
protein diets. Larger mortality differences can be noted between strains.
Larger differences in hen-day production, feed per dozen eggs and egg weights
were observed for strain effects than for previous grower diets or the layer diets.
No definite differences can be noted among layer diets for hen-day production,
feed efficiency or egg weight. A possible exception was the higher H-H mortality
noted for hens grown on the higher protein. The 10% protein diets promoted growth
equal to that of the 12% protein diets with the usual increase in feed consumption
per bird. Antibiotics showed no apparent beneficial effects during the grower
stage while strain differences can be noted.
These results indicate that pullets can tolerate low protein, low energy grower
diets and subsequently perform equally well on layer rations of low protein content.
^Superintendent, Poultry Research Center; former Superintendent, Poultry
Research Center and Professor and Leader, Poultry Research and Extension.
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Table 1. Average Performance of Laying^Hens as Influenced
by Grower Diet and Strain of Birds —Experiment 1
Hen-day Feed/ Hen housed .
Treatment production doz. eggs Egg wt. mortality
% gm %
2
Grower diets
10-1950 68.4 1.97 58.4 10.2
10-1950+ 69.9 1.99 58.9 11.1
12-2900 68.3 1.87 58.1 13.0
12-2900+ 68.5 1.90 58.4 11.1
Strains
1 68.6 1.78 59.2 6.2
2 70.0 1.98 57.5 12.5
3 67.7 2.04 58.8 15.3
^Average.for twelve 28-day periods on 16% protein diet.
10-1950 = 10% protein, 1950 kcal of ME/kg.
10-1950+ = as above plus 22 ppm Neomycin and Terramycin.
12-2900 = 12% protein, 2900 kcal of ME/kg.
12-2900+ = as above plus 22 ppm Neomycin and Terramycin.
Table 2. Average Performance of Laying H^ns as Influenced
by Grower Diet, Strain and Layer Diet —Experiment 2
Treatment
Hen-day
production
Feed/
doz. eggs Egg wt.
Hen housed
mortality
% kg gm %
Grower diets^
10-1950 72.5 1.59 61.1 7.4
10-1950+ 72.2 1.59 61.0 9.6
12-2900 73.0 1.58 60.6 10.8
12-2900+ 73.0 1.57 60.9 14.0
S trains
1 73.3 1.65 61.4 6.8
2 71.8 1.55 59.8 15.2
3 72.9 1.54 61.4 9.4
Layer diet
18-16 72.7 1.58 60.9 10.4
14 71.2 1.50 59.2 16.9
^Twelve 28-day production periods.
Same grower diets as Experiment 1.
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Table 3. Performance of Three Pullet Strains as Influenced
by Grower Diets Fed from 10 to 20 Weeks of Age
(Experiments 3 and 4)
Treatment
Avg. wt.
at 20 wk.
Avg. gain
from 10-20 wk.
Feed consumed
from 10-20 wk.
kg kg kg
10-1950^ 1.29 0.54 6.7
10-1950+2 1.25 0.50 6.6
12-2900^ 1.29 0.54 4.9
12-2900+^ 1.28 0.53 5.1
S train
1 1.31 0.55
2 1.31 0.56
3 1.25 0.49
JlO% protein, 1950 kcal of ME/kg.
^As 1 +22 ppm Neomycin + 22 ppm oxytetracycline.
12% protein, 2900 kcal of ME/kg.
As 3 + 22 ppm Neomycin + 22 ppm oxytetracycline.
Table 4. Average Performance of Laying Hens as Influenced
by Grower Diet, Strain and Layer Diet^—Experiment 3
Hen-day Feed/ Hen housed
Treatment production doz. eggs Egg wt. mortalitv
% kg gm %
2
Grower diet
10-1950 82.2 1.74 61.4 5.6
10-1950+ 80.4 1.78 60.7 5.6
12-2900 78.8 1.86 62.5 8.3
12-2900+ 78.1 1.89 62.4 11.1
Strain
78.9 1.85 63.2 11.5
2^ 82.9 1.79 61.6 8.3
3 79.9 1.81 60.5 3.1
Layer diet
18-16 80.1 1.83 61.7 9.0
14 79.7 1.81 61.8 6.2
iseven 28-day production periods.
^See Table 1.
Different strain than Experiment I or 2, same as Experiment 4.
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Table 5. Average Performance of Laying Hens as Influenced
by Grower Diet, Strain and Layer Diet —Experiment 4
Treatment
Hen-day
production
Feed/
doz. eges Egg wt.
Hen housed
mortality
% kg gm %
2
Grower diet
10-1950 75.9 1.76 60.8 6.7
10-1950+ 75.7 1.74 60.9 11.1
12-2900 73.8 1.86 61.0 13.4
12-2900+ 74.8 1.86 60.8 14.6
Strain
I3 72.4 1.89 62.4 14.42^
77.7 1.77 60.4 12.2
3 75.0 1.75 59.8 7.7
Layer diet
18-16 74.7 1.82 60.8 12.2
14 75.4 1.79 61.0 10.7
^Seven 28-day production periods.
^See table for Experiment 1.
Different strain than Experiment 1 or 2, same as Experiment 3.
South Dakota State University
Brookihgs, South Dakota
Department of Animal Science A.S. Series 74-10
Poultry Section
Performance of Irradiated Lines
Walter Morgan^
Animal resistance to outside or to environmental stress may come from several
sources. Resistance may result from an administered protector, either external
or internal as with vaccinations, or the resistance may be due to some internally
controlled body mechanism, as with natural immunity. If the resistance results
from the latter, we refer to it as inherent or genetic resistance. At the South
Dakota Experiment Station, we have initiated studies with both kinds of resistance.
The progress with genetic resistance is the topic for discussion in this report.
A White Leghorn strain which was developed in Indiana is called the Regional
Control White Leghorn. This strain has been used extensively for genetic-
environmental studies throughout the United States and has been used in many foreign
studies. It is the strain which we have used for our irradiation resistant selection
study. Approximately 140 hens and 14 males have been used annually in the breeding
flock. An attempt has been made to avoid inbreeding by using a designed random
program for the matings. During the past 5 years, the number of parental mating
pens has ranged from four to seven. The measure of resistance has been survival
to adulthood of chickens which were treated as four-day embryos with 1000 r of
gamma irradiation from a 60 cobalt source at Brookings. Initially, survivors were
rarely found. The dosage of 1000 r is nearly completely lethal to the zero to
four-day chick embryo. Survival of the four-day embryo has proven to be a dependable
criterion for success of the selection program despite within-year fluctuations.
Selection for resistance has resulted in breeding stocks which have approximately
25% survival at present. Selection has resulted in slightly lighter weight adults,
but total egg production has not been significantly altered.
^Professor.
South Dakota State University
Brookings, South Dakota
Department of Animal Science A.S. Series 74-11
Poultry Section
Some Effects of Copper Sulfate, Copper Oxide,
4-nitrophenylarsonic Acid and Ipronidazole
on Growth, Aortic Ruptures and Liver Copper
in Turkeys
E. Guenthner and C. W. Carlson^
A low protein series of diets were fed to 600 male and 300 female Large White
poults with the protein ranging from a 23% starter to a 12% finisher. Three copper
treatments were used, normal (8-12 ppm) and two sources of copper (120 ppm) from
copper sulfate and copper oxide. Each copper treatment was fed with the recommended
levels of "4-nitro" and ipronidazole for blackhead control. The poults were started
in electric batteries for 2 weeks and then moved to floor pens with cob litter
and gas brooders. The hens were marketed at 15 weeks and the toms at 24 weeks of
age. The experimental plan and results are shown in Table 1.
As in the previous trials, adding 120 ppm copper to the diets significantly
increased weight gains at 15 and 24 weeks and, again, the source of copper (sulfate
or oxide) did not affect gains.
When the two blackhead treatments were compared, it was found that turkeys
on ipronidazole gained 0.421 kg more at 15 weeks and 0.602 kg more at 24 weeks
of age.
Analyses of the livers indicated no differences in copper content due to
copper treatments. Although the hen livers appeared to contain more copper (1.9 ppm)
than the tom livers, the amount was not statistically significant. All sample
values were within the normally expected range.
In this test, 9, 2 and 0 aortic ruptures were associated with the normal,
CU2O and CuSO^ treatments. The number of aortic ruptures observed again was very
low. In previous tests a higher incidence of ruptures was usually associated with
the higher protein diets. Since only the low protein diets were fed in this test,
a lower incidence of aortic ruptures was expected.
^Assistant Professor and Professor and Leader, Poultiry Research and Extension.
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Table 1. Effects of CU2O, CUSO4, 4-nitrophenylarsonic acid and
Ipronidazole on Growth, Aortic Ruptures and Level of
Liver Copper in Turkeys
Market weight
Treatment variables
15 weeks
Mixed sex
24 weeks
Males
kg kg
Copper 1
Normal Cu 8-12 ppm 6.33a 11.10a
CU2O 120 ppm 6.38ab 11.56b
CUSO4 120 ppm 6.47b 11.43b
Blackhead preventative
4-nitrophenylarsonic acid 0.01875% 6.19a 11.07a
Ipronizadole 0.00625% 6.61b 11.67b
Cu content of liver Hens ppm Toms ppm
Normal•Cu 17.7 15.3
CU2O 16.4 15.7
CuSO, 18.4 15.7
Average 17.5 15.6
Aortic ruptures Number Number
Normal Cu - 9
CU2O - 2
CUSO4 0
^Unlike letters indicate significant differences at the 5% level of probability.
South Dakota State University
Brookings, South Dakota
Department of Animal Science A.S. Series 74-12
Poultry Section
Effects of Feed Restriction and Energy-Protein
Relationships on Egg Production
E. Guenthner and C. W. Carlson^
Feed restriction is frequently used in handling broiler breeder hens to maximize
performance and to economize feed costs. Some attempts have been made to apply this
technique to egg laying strains. In the test to be reported here, 80 groups (24 hens
per group) of caged egg-production strain pullets were fed four diets on a restricted
and full-fed basis. The four diets provided two levels of protein (13.9 and 18.3%)
and two levels of energy (2500 and 3300 Cal ME). Feed restriction was accomplished
by covering the feeders at 3:00 PM and removing the covers the following morning
at 7:00 AM. This permitted the restricted hens to feed 8 hours each day. The
full-fed hens had access to feed 14 hours per day.
As indicated in Table 1, the main effects showed feed restriction averaged
over the energy-protein effects to:
a. reduce egg production 6.2%
b. reduce daily feed intake 6.7 gm
c. increase feed per doz. eggs 0.1 kg
d. decrease egg weight 1.1 gm
e. reduce mortality 0.4%
f. increase Haugh units 0.9 units.
The effects of feed restriction as influenced by protein-energy levels are
shown in Table 2. Each increase in protein or energy resulted in an increase
in egg production. Feed restriction reduced egg production with all diets, the
most severe effect being observed with the 13.9%-2500 Cal diet. With feed restric
tion when comparing the 13.9% and 18.3% protein diets, production was reduced 11.0%
vs 6.4% as the energy was reduced from 3300 to 2500 Cal ME. When full-fed, the
differences in production were 8.4% vs 8.0%, respectively.
With feed restriction comparing the 2500 Cal diets, production was reduced
8.9% with the 13.9% protein diets and 3.9% with the 18.3% diets. Likewise, with
feed restriction comparing the 3300 Cal diets, production was reduced 6.3% with
the 13.9% protein diets and 5.5% with the 18.3% diets. Averaged over feeding
methods, the lower protein diet reduced egg production 4.1% and the lower energy
diet reduced production 8.5%.
^Assistant Professor and Professor and Leader, Poultry Research and Extension.
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Table 1. Main Effects of Feed Restriction
on Laying Hen Performance
Parameter Restricted Full-fed
Hen-day production, % 64.5 70.7
Feed per day, gm 96.5 103.2
Feed per dozen, kg 1.8 1.7
Egg weight, gm 58.8 59.9
Mortality, % 5.5 5.9
Haugh units, HU 82.9 82.0
Table 2. Effects of Feed Restriction and Energy-Protein
Relationships on Egg Production
Protein level, % 13.9 18.3
Cal per kg ME
Hen-day production
2500
%
3300
%
2500
%
3300
% Ave.
Full-fed
Restricted
65.1
(8.9)
56.2
(8.4)^
(11.0)
73.5
(6.3)
67.2
68.0
(3.9)
64.1
(8.0)
(6.4)
76.0
(5.5)
70.5
70.7
(6.2)
64.5
60.7 (9.7) 70.4 66.1 (7.2) 73.3 67.6
Main effects
Full-fed vs restriction
Protein, 13.9% vs 18.3%
Cal ME, 2500 vs 3300
64.5
65.6
63.4
(6.2)
(4.1)
(8.5)
70.7
69.7
71.9
^Differences between adjoining values.
South Dakota State University
Brookings, South Dakota
Department of Veterinary Science A.S. Series 74-13
Summary of Poultry Cases Submitted to the South Dakota
Animal Disease Research and Diagnostic Laboratory
Fiscal Year 1974
Martin E. Bergeland^
I. Chickens—244 cases; 71 different diagnoses
Diagnosis Cases
Lymphoid Leukosis 40
Cannibalism 32
Fatty Liver Syndrome 18
Hemorrhagic Syndrome 16
Peritonitis 12
Osteodystrophy 10
Marek's Disease 8
Coccidiosis 8
Salmonellosis (Typhoid-2; pullorum-1) 6
Encephalomalacia 5
Tuberculosis 5
All other diagnoses 78
II. Turkeys—86 cases; 39 different diagnoses
Diagnosis Cases
Salmonellosis 10
coli infection 9
Airsacculitis 6
Osteodystrophy 5
All other diagnoses 56
III. Other poultry—14 cases; 9 different diagnoses
^DVM, Professor of Veterinary Science.
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South Dakota State University
Brookings, South Dakota
Department of Animal Science A.S. Series 74-14
Poultry Section
Flock Record Summary
Phillip E. Plumart and Boyd J. Bonzer^
A computerized flock record keeping system has been in use at South Dakota
State University since 1965. A report is computed and published monthly from data
received from approximately 60 flockowners. The records of those flocks completing
their laying cycle during the calendar years of 1968, 1969, 1970, 1971, 1972,
1973, and through June of 1974 are summarized in Table 1.
During the last 6h years the average laying cycle increased from 12.96 months
in 1968 to 14.07 months in 1973. This indicates a tendency for the flocks to be
kept a little longer now than in 1968.
The figures reported for flocks closed out during the first six months of
a year have been remarkably close to the final averages for that year and, hence,
seem to be quite indicative as to what the figures for the full year will be.
The average number of hens housed has almost doubled during this time, increasing
from 5,869 to 10,653. The percent depletion has decreased from 1.03 to 0.77% per
month. This reduction seems to have been due to flocks now being vaccinated against
Marek's disease. The 1974 depletion of 0.77% per month represents a 38% reduction
of the 1970 depletion of 1.25% per month.
Percent hen-day production has steadily declined for the last 6% years from
65.1 to 62.7. Hen-housed production steadily declined for 4 years from 60.6 to
58.5. However, a reversal of this trend has occurred in 1973 and 1974 due to less
mortality.
Due to a great change in egg prices, the average income per dozen eggs sold
rose from 25.49 cents for those flocks closed in 1968 to 34.74 cents for those
closing in 1970. It then dropped to 21.26 cents for those closed in 1972 and rose
in 2 years to an all-time high of 47.87 cents for those closed the first half of
1974. The lowest feed cost per dozen eggs of 13.73 cents was attained by those
flocks closed out in 1970. The lowest income of 21.26 cents per dozen was received
by those flocks closed out in 1972.
The average income per hen hoiased over feed cost has fluctuated from a low
of $1.27 in 1972 to a high of $4.79 for those closed during the first half of 1974.
The average gross egg income has similarly fluctuated from a low of $29,617 per
flock closed in 1968 to $104,762 in 1974.
Of particular note was the fantastic rise in the feed cost per ton during
late 1973 and 1974. For the flocks closing out during the 5-year period of 1968
through 1972, the feed cost per ton fluctuated between $63.78 and $68.73. The
average feed cost per ton increased 62.8%, from $67.35 for those flocks closing
out in 1972 to $109.65 per ton for those closing out in 1974.
^Assistant Professor and Extension Poultrjman and Extension Poultryman.
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Table 1. South Dakota Laying Flock Record Program Summary, Averages
for Flocks Closed During 1968, 1969, 1970, 1971, 1972, 1973 and 1974
25 40 45 47 48 58 25
flocks flocks flocks flocks flocks flocks flocks
closed closed closed closed closed closed closed
during during during during during during through June
1968 1969 1970 1971 1972 1973 1974
Days from 20 weeks 394 415 422 404 396 428 417
No. of hens housed (HH) 5,869 5,990 7,312 7,679 9,302 9,274 10,653
Percent depletion 13.4 15.3 17.3 15.4 14.7 10.9 10.5
Percent hen-day
production (HD) 65.1 64.4 64.1 63.6 63.2 63.7 62.7
Eggs per hen (HD) 258.9 268.2 274.6 254.3 248.9 273.6 261.6
Percent HH production 60.6 59.4 58.6 58.6 58.5 60.1 59.4
Eggs per hen (HH) 241.6 247.6 250.8 234.7 230.6 258.6 248.0
Lb. feed per dozen 4.41 4.43 4.21 4.31 4.38 4.39 4.45
Percent Grade A large 68.80 65.35 63.92 63.84 60.93 69.44 73.08
Percent Grade A medium 15.79 18.06 18.54 15.50 15.69 14.12 13.78
Percent Grade A small 2.46 3.07 3.17 2.59 2.55 2.04 1.90
Percent total Grade A 87.05 86.48 85.63 81.92 79.17 85.60 88.76
Average income per
47.87dozen sold (cents) 25.49 30.91 34.74 26.18 21.26 29.55
Feed cost per dozen (cents) 14.23 14.14 13.73 14.82 14.75 17.49 24.40
Income per HH over feed
cost ($) 2.17 3.33 4.21 2.16 1.27 2.54 4.79
Feed cost per ton ($) 64.58 63.78 63.80 68.73 67.35 79.61 109.65
Gross income for
period ($) 29,617 37,493 51,797 38,912 38,138 58,541 104,762
I
N)
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South Dakota State University
Brookings, South Dakota
Department of Animal Science A.S. Series 74-15
Poultry Section
Proposed South Dakota Certified Grade Program for Eggs
Boyd J. Bonzer^
The South Dakota Egg Marketing Task Force made up of four producers, two
producer-packers, three egg packers and three hatcherymen promoted a change in
the egg law during the last legislative session and a change in the marketing
regulations to include a South Dakota Certified Grade of eggs. As a result, the
legislature passed a change in the egg law that would permit the State Department
of Agriculture to regulate production and marketing practices at the farm level.
After the legislative session, members of the Task Force worked with the
office of the Secretary of Agriculture to write proposed regulations for the new
grade. As a result of a hearing in Pierre, May 30, 1974, the Secretary of Agri
culture did not adopt the part of the proposed regulations that would have
established the new certified grade.
Later, on July 7, the Secretary of Agriculture attended a meeting of the Task
Force and encouraged them to reevaluate the proposed regulations for a South Dakota
Certified Grade and asked for another hearing. To date this has not been done.
The proposed South Dakota Certified Grade regulations would require all eggs
sold by retail stores or used by institutional consumers such as restaurants,
boarding houses, bakeries, etc. to be produced by South Dakota certified flocks
and be of a South Dakota grade or meet South Dakota grade "A" or "B" standards
if imported. Some certification requirements at the farm level include confine
ment of birds, cooling of the eggs, egg washing practices and labeling of packages.
If the certified program is adopted as presently proposed, it would affect many
segments of the industry as well as the consimting public.
One-fourth of the state's production will be affected. During 1973, South
Dakota produced 785 million eggs. This was 1178 eggs for each of the estimated
666,257 men, women and children in the state. The average per capita consumption
for the nation during 1973 was 294 eggs so South Dakota consumers probably used
the equivalent of about one-fourth of the eggs produced in the state and shipped
out about three-fourths of the production. Eggs that are packed for out of state
shipment would not be included in the Certified Program.
Effect on the consumer. Consumers would be assured of being served a graded
egg in all restaurants, boarding houses, nursing homes and food manufacturing
plants in the state and all South Dakota retail stores would offer only graded
eggs to their customers.
^Extension Poultryman.
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Many people are of the opinion that dependable quality would build confidence
in eggs, increase the consimption of eggs as a high quality protein food and result
in a higher return for the egg producer.
Effect on the producer. The producers who certify their flocks would be
required to carry on good egg handling practices. This would include cooling
to 60° F. or less,, confining the birds so they will take in a uniform diet, using
controlled washing conditions and identifying their eggs as they move through the
market. Generally, the production and marketing practices for most of the flock-
owners with more than 500 or 600 layers would not change. Those persons with
smaller flocks would be required to perform the same egg quality saving practices
as those with larger flocks.
By the end of July, the State Department of Agriculture had issued Class "A"
licenses to 32 producers with more than 3,000 layers and Class "C" licenses to
178 producers with less than 3,000 layers, who pack and sell eggs to stores,
restaurants, boarding houses, nursing homes, etc. It is assumed that most of these
210 producer-packers who are now licensed would become certified and continue to
sell eggs. In addition to this, many of the 367 other class "A" dealers and 32
class "B" license holders vrtio are dealers woiild purchase eggs from South Dakota
Certified flocks for the pack they deliver to their South Dakota outlets. If the
number of additional flocks certified would average only two per dealer, it would
add another 800 certified flocks in the state for a grand total of 1,000 producers
affected.
Effect on the dealer. South Dakota dealers could pack only eggs from certified
farms in the cartons or cases marked with a South Dakota Certified Grade for sale
to South Dakota retail stores and institution outlets. Other eggs could be imported
for these outlets if they measure up to South Dakota grade standards.
South Dakota packers would also be required to mark all containers of certified
eggs with their name and address and the date packed.
Effect on administration. Presently, there are three full-time egg inspectors
vho are charged with administering the egg law in the field at the dealer level.
They receive some help from the state piiblic health officials who routinely inspect
restaurants, nursing homes, boarding houses and food manufacturing plants. These
three inspectors would be charged with administering the certified program in
addition to their present load.
Remarks. When the task force asks for another hearing on the proposed South
Dakota certified egg program, there should be adequate time for publicity to be
sent out to explain the details of the program so the public who are concerned
will understand the program before the hearing takes place;
11^
South Dakota State University
Brookings, South Dakota
Department of Animal Science A.S. Series 74-16
Poultry Section
Supplementing Milo-Soy Layer Diets with Selenium
E. Guenthner and C. W. Carlson^
Four graded levels of selenium up to 1 ppm were added to milo-soy diets and
fed to laying hens during a 6-month period. The basal diet contained 15.2% protein,
3056 Calories of metabolizable energy per kg and 0.4 ppm selenium on a calculated
basis. Each treatment was replicated four times with 12 hens in 16 inch cages
for a total of 48 hens per treatment.
The responses to these treatments are shown in Table 1. Adding 1 ppm Se to
the basal diet significantly lowered egg production. All of the hens receiving
supplemental Se ate less feed per day than those fed the basal control diet. The
best feed conversion was obtained with the addition of 0.50 and 0.75 ppm Se, 1 ppm
was perhaps too much and 0.25 ppm and none appeared to be inadequate. The largest
egg size was associated with Se supplementation at 0.25, 0.50 and 0.75 ppm. The
highest mortality was observed with diets supplemented with 1.00 and 0.75 ppm.
Reduced mortality was associated with 0.50 ppm supplementation or less.
In general, these results confirm previous studies and indicate that the
efficiency of a milo-soy laying diet when fed to laying hens would probably be
improved by supplementation with 0.50 to 0.75 ppm selenium.
Table I. Responses of Laying Hens on a Milo-Soy Diet
to Supplementation of Selenium
Treatment Hen-day Daily feed Feed per Egg Hen housed
added Se production intake dozen eggs size mortality
ppm % gm kg gm %
1.00 72.7b^ 110.6b^ 1.78b^ 61.Ic^ 13.2b^
0.75 75.6a 109.8b 1.72ab 62.1a 12.8b
0.50 77.8a 110.2b 1.65a 61.9ab 5.2a
0.25 75.2a 111.1b 1.73b 62.2a 7.3a
None 76.8a 115.8a 1.77b 61.6b 8.5a
^Unlike subscripts indicate statistically different values at the 5%
probability level.
^Assistant Professor and Professor and Leader, Poultry Research and
Extension.
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Amino Acid Additions to a 12% Protein Com-Soy Diet for Layers
A. B. Kashani and C. W. Carlson^
Earlier studies at this station have indicated that, when a 16% protein, corn-
soybean meal diet is diluted to 10.8% protein with glucose and supplemented with
0.15% DL-methionine, 0.19% L-lysine, 0.2% DL-isoleucine and 0.04% DL-tryptophan,
71% egg production was obtained. However, the following supplements were without
further effects—0.1% DL-threonine and 0.05% DL-valine with 0.25 and 0.5% glycine
alone and in all combinations or with glycine and glutamic acid each at 0.25,
0.5 and 1% levels.
Studies to be reported here were based on a 12% protein, largely com diet
with additions of 0.15% DL-methionine, 0.2% L-lysine, 0.05% L-trjrptophan and 0.4%
DL-isoleucine. Twenty-four-week old Babcock 300 pullets were randomly assigned
each dietary treatment. One treatment consisted of the 12% protein diet plus 0.15%
DL-methionine. The other three amino acids were added as cumulative supplements
to the first diet as indicated in Table 1. Each treatment and the basal were fed
to six replicates using six hens per replication. Comparisons of these treatments
were also made with hens fed the standard 16% protein diet.
The data in Table 1 present the average performance for a period of 7 months.
As shown in this table, methionine and the combination of methionine-lysine supplements
depressed egg production. On the other hand, the improved egg production from hens
on treatment 4 over those on treatment 3 is probably a good indication of the supe
riority of amino acid balance for this treatment.
It is apparent from Table 1 that feed efficiency was decreased as a result
of the methionine and methionine-lysine additions. This follows almost the same
trend that was observed for percent egg production. Hens on the 16% protein diet
were most efficient, indicating a need for further amino acid supplements for the
12% protein diet.
^Graduate Assistant and Professor and Leader, Poultry Research and Extension.
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Table 1. Effect of Amlno Acid Supplementation of a
12 Percent Com Diet for Layers
Egg Grams of egg Feed efficiency
Treatment
production per (kg feed per
hen-day gram of feed dozen eggs)
1. 12% protein basal^
%
74.2 0.412 1.74
2. As 1 + 0.15% DL-methionine 71.7 0.395 1.84
3. As 2 + 0.2% L-lysine 69.3 0.394 1.85
4. As 3 + 0.05% L-tryptophan 76.2 0.419 1.73
5. As 4 + 0.4% DL-isoleucine 73.8 0.419 1.75
6. 16% protein^ 78.4 0.451 1.61
^Average for seven 28-day periods •
^Contained as follows:
12% protein 16% protein
Corn 82 71
Soybean meal (48.5%) 9 20
Alfalfa meal 2 2
Dicalcium phosphate 1.5 1.5
Salt 0.5 0.5
Limestone 5.0 5.0
Vitamin mix 0.5 0.5
17
South Dakota State University
Brookings, South Dakota
Department of Animal Science A.S. Series 74-18
Poultry Section
Effects of Copper on Turkey Lipids
and Palatability
C. W. Carlson, E. Guenthner, R. A. Nelson and Dorothy Deethardt^
Large Broad White turkeys were fed from one day of age to market weight on
low protein diets with and without two forms of copper (sulfate and oxide) to supply
120 ppm. As reported previously (A.S. Series 73-22 and A.S. Series 73-25), copper
enhanced growth but had no consistent effect upon fatty acid composition.
The turkeys so obtained were processed and roasted to an internal temperature
of 85° C and evaluated by a trained taste panel for flavor, tenderness, juiciness
and overall rank. Four were roasted each day during a 12-day period for a 48-bird
total. Hydraulic presses were used to physically ascertain juiciness (Carver Press)
and tenderness (Lee-Kramer Shear). Muscle fat and liver copper contents were deter
mined. The results are presented in Table 1 (broiler-type) and Table 2 (roaster-
type) .
Both types of turkeys showed copper sulfate to enhance dressing yield and
produce the greatest amount of fat in the thigh muscle. The dietary treatment,
however, had no consistent effect on cooking losses''or the palatability scores.
Breast meat of the broilers was less juicy than that of the roasters, whereas for
thigh meat the broilers were most juicy. Tenderness and flavor scores were very
similar for both types of turkeys irrespective of dietary copper. Liver copper
was not materially altered by the dietary intake,
not
These data indicate that copper treatment should not influence consumer accept
ance of turkeys so fed. The improvement in dressing yield and the increase in
muscle fat would be important advantages, which, together with the improved growth
responses, make copper a valuable addition to turkey growing diets.
^Professor and Leader, Poultry Research and Extension; Assistant Professor;
Superintendent, Poultry Research Center and Assistant in Home Economics Research.
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Table 1. Effect of Copper Sources on Carcass Parameters
and Palatability of Broiler Turkeys
Cu20 CUSO4
Criteria Basal 120 ppm Cu 120 ppm Cu
Dressing yield, % 82.1 82.9 83.4
Skin thickness, mm 6.2 5.9 6.2
Cooked thigh muscle fat, % 9.6 8.2 12.0
Liver copper, ppm 13.69 15.18 14.44
Cooking losses, %
Drip 7.9 6.8 7.9
Total 20.9 20.2 20.2
Breast
Appearance 6.5 6.5 6.4
Preference 2.5 2.4 2.7
Flavor 6.1 6.2 5.8
Tenderness 5.8 6.1 5.9
Juiciness 3.5 3.7 3.8
Carver Press loss, % 33.7 31.7 34.2
Liquid, ml 6.2 6.0 6.5
Lee Kramer shear 651 776 662
Thigh
Appearance 6.3 6.4 6.3
Preference 2.5 2.8 2.3
Flavor 6.0 5.9 5.9
Tenderness 5.7 5.4 5.9
Juiciness 4.8 4.7 4.8
Carver Press loss, % 36.8 39.8 38.9
Liquid, ml 6.5 7.4 6.4
Fat, ml 0.6 0.5 0.7
Lee Kramer shear 733 679 702
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Table 2. Effect of Copper Sources on Carcass Parameters
and Palatability of Roaster Turkeys
Criteria Basal
CU2O
120 ppm Cu
CuSO^
120 ppm Cu
Dressing yield, % 83.1 84.5 85.6
Skin thickness, mm 11.3 10.9 12.2
Cooked thigh muscle fat, % 13.9 13.7 16.0
Liver copper, ppm 13.6A 13.09 13.82
Cooking losses, %
Drip 7.3 7.8 7.9
Total 23.A 24.3 24.2
Breast
Appearance 6.6 6.4 6.5
Preference 2.4 2.8 2.5
Flavor 6.2 6.0 6.1
Tenderness 5.9 5.9 6.1
Juiciness 4.6 4.3 4.6
Carver Press loss, % 37.6 35.2 37.8
Liquid, ml 7.2 6.5 7.2
Lee Kramer shear 646 656 542
Thigh
Appearance 6.1 6.1 6.2
Preference 2.2 2.5 2.8
Flavor 5.8 5.9 6.0
Tenderness 5.1 4.7 4.6
Juiciness 4.2 4.1 3.8
Carver Press loss, % 36.8 34.9 35.8
Liquid, ml 5.7 5.4 5.7
Fat, ml 0.9 0.9 0.9
Lee Kramer shear 759 788 744
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Effects of Mercury on Production and Reproduction
of Laying Hens—Second Egg Laying Cycle
R. J. Emerick, C. W. Caisson, R. A. Nelson
and C. E, Holmquist^
Hens fed diets containing various levels of two mercury sources from the time
of hatching were studied dviring a second laying cycle. Early growth data and
data pertaining to the first laying cycle were reported in the 1973 Poultry Day
reports (A.S. Series 73-18). It was concluded from these earlier phases of the
study that inorganic mercury at levels up to 20 ppm in the diet does not influence
growth or egg production, quality and hatchability. Methylmercury at levels of
2.5 ppm or less also appeared to be well tolerated with no visible harmful effects.
However, detrimental effects of higher levels became increasingly apparent with
progression of that phase of the experiment.
After completion of an initial 26-week laying period followed by a forced
molt. Shaver Starcross 288 hens were continued on the original experimental regime
through a second laying cycle. Ten treatments incorporated into the diet consisted
of mercuric chloride providing 1.25, 2.5, 5.0, 10.0 and 20.0 ppm inorganic mercury
and methyImercurie chloride providing 1.25, 2.5, 5.0 and 10.0 ppm organic mercury.
Each treatment was replicated four times and, except for death losses during the
first laying cycle, consisted of four cages each containing six birds per treatment.
Egg production was measured daily and egg quality measurements were made
monthly on one day's collection of eggs. Approximately midway through the second
36^eek laying period, the hens were artificially inseminated and a maximum of
30 eggs per group (120 eggs per treatment) were incubated. Chicks hatching were
inspected for abnormalities and were grown in batteries for 4 weeks on diets free
of mercury.
Production, egg quality and hen mortality data are shown in Table 1. None
of the criteria pertaining to production or egg quality were influenced by inorganic
mercury at levels up to 20 ppm in the diet. Methylmercury at 10 ppm greatly in
creased mortality, reduced egg production by about one-half and lowered egg quality
as measured by average egg weight and Haugh units. While methylmercury at 5 ppm
lowered egg quality significantly (P<.01 for egg weight and Haugh units), percent
production was not changed.
Mercury concentrations in the eggs were almost directly proportionate to
those in the diets, but the proportions differed for the two mercury sources. For
the inorganic mercury treatments, mercury concentrations in the eggs were only
one-tenth of the concentration in the diets. For methylmercury treatments, mercury
concentrations in the eggs were slightly greater than those in the diets.
^Professor; Professor and Leader, Poultry Research and Extension; Superintendent
and Former Superintendent, Poultry Research Center.
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Hatchability of eggs produced during this second laying cycle (Table 2) was
practically eliminated by the 10 ppm of methylmercury, but no teratogenic effects
were observed in any of the embryos or chicks. The very obvious effect of 10 ppm
methylmercury on hatchability, as well as the leisser effect of the other mercury
treatments, was more pronounced than the results reported previously for the first
laying cycle where 10 ppm of methylmercury reduced hatchability to about one-
half that observed in the controls.
It is concluded that sublethal effects of mercury under conditions of continuous
mercury feeding were more pronounced during a second laying cycle than were observed
in the same birds during the first cycle. A progressive reduction in reproduction
appeared to result from continuous feeding of 2.5 ppm or more of methylmercury,
even though mercury concentrations deposited in eggs remained relatively constant
over the full term of the experiment.
22
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Table 1. Production Data of Second Laying Cycle
Treatment
Hen-day
production
Control
Inorganic mercury, ppm
1.25
2.5
5.0
10.0
20.0
Methylmercury,
1.25
2.5
5.0
10.0
ppm
%
67.1
64.3
70.0
63.5
68.2
68.8
72.8
66.3
67.5
31.8
Feed
consumed
gm/day
Avg. egg
weight
gm
Feed per
dozen
eggs
kg
Egg shell
thickness
r2r-
mm X 10^
Haugh
units
Mercury
content
of eggs
ppm
Mortality
%
110.0 66.2 2.01 40.6 84 0.10
21.3
115.2 66 .4 2.13 41.7 81
0.13 9.7
121.8 67.6 2.42 41.5 81 0.25
17.1
116.0 67.7 2.21 43.7 80 0.56
0 I
119.0 65.9 2.09 41.8 82 0.91 3.2 Lo
125.6 64.5 2.19 39.8 82 1.94
16.2
1
115.9 66.0 1.89 40.5 82
1.86 5.1
118.1 65.4 2.13 41.4 78 3.66
6.9
117.1 56.1 2.10 43.1 68
7.17 15.7
98.2 47.7 7.48 39.4 66 11.69
43.5
^Percent mortality is the accumulative mortality during two egg laying cycles.
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Table 2. Hatchabillty of Eggs from Mercury-fed Hens
During a Second Laying Cycle
Hatch of Avg. wt. progeny
Treatment all eggs Initial 28 days
% gm gm
Control 64.0 47.2 292
Inorganic mercury, ppm
1.25 62.5 47.7 322
2.5 59.8 48.6 297
5.0 50.0 47.9 315
10.0 38.3 46.1 302
20.0 45.2 47.0 302
Methylmercury, ppm
1.25 62.9 46.9 294
2.5 55.9 46.8 321
5.0 51.4, 41.2 276
10.0 2.6^ 32.0 227
^One bird hatched.
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Fatty Liver-Hemorrhagic Syndrome as Affected by Fat,
Choline and Biotin Supplementation
R. A. Nelson, C. C. Chah and C. W. Carlson^
Fatty liver syndrome, now more commonly known as fatty liver-hemorrhagic
syndrome (FLHA) , has become an increasing problem in recent years, especially in
cage-type laying operations. It seems to occur in flocks that are apparently
healthy and in good laying condition. Symptoms characteristic of the disease
are about a 25% increase in body weight along with a 30% or more decrease in pro
duction, an increase in mortality and excessive abdominal and liver fat that leads
to hematomas of the liver.
No causes or cures for FLHS are definitely known, but many researchers feel
that over consumption of energy and/or the lack of a vitamin involved in fat metabo
lism are possible causes of the disease.
A preliminary experiment using three replicates of three hens per treatment
was conducted to evaluate the supplementation of com oil, yellow grease, choline
and biotin to a 14% protein layer diet. The treatments and results are shown
in Table 1.
No definite trends in production and feed efficiency were apparent. The
addition of fat to the diet did increase average egg weight and final body weight
over that of the control birds, but no definite trends were established with
vitamin supplementation.
Some apparent liver differences did occur between treatments. A visual
rating score was made at the time the liver was sampled (see Table 2). The control
birds showed more fat accixnulation than the treatment groups. This was later
verified by ether extract analysis. Yellow grease, although fed at equal caloric
(M.E.) amounts, caused higher fat accumulation than the corn oil diets. No differ
ences due to choline or biotin were apparent in the liver analysis.
FLHS has been hard to produce in a laboratory situation; it is surprising
to note the high percentage of birds that had fat infiltrated in the liver to
the extent of causing hemorrhaging. Since individual variation within treatments
was quite high, no definite trends were evident. Contrary to expectations,
the .increase in energy consumption on the fat diets did not cause higher levels
of FLHS.
^Superintendent, Poultry Pv.esearch Center; Graduate Assistant and Professor
and Leader, Poultry Research and Extension.
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Table 1. Performance of Laying Hens as Influenced by Corn Oil,
Yellow Grease, Choline and Biotin
Feed
Hen-day Feed/doz. consumed Avg. egg Final
Treatment production^ eggs per day wt. body wt.
% kg gm gm kg
2
Control 82 1.45 100 58.0 1.68
Com oil ^ 84 1.42 102 62.4 1.77
Com oil + choline 81 1.48 103 62.9 1.86
Corn oil + biotin^ 77 1.45 96 58.8 1.72
Com oil + choline
+ biotin 2 82 1.51 106 61.5 1.92
Yellow grease 85 1.41 103 59.7 1.78
Yellow grease + choline 79 1.65 110 60.2 1.99
Yellow grease + biotin 83 1.67 118 59.9 2.03
Yellow grease + choline
+ biotin 75 1.76 108 59.5 2.06
Average for five 28-day production periods.
214% protein corn-soybean diet +0,1% MHA.
38.5% corn oil or 10% yellow grease replacing com.
^1500 mg choline/kg.
^1.1 mg biotin/kg.
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Table 2. Liver Analysis as Affected by Fat, Choline
and Biotin Supplementation
Moisture Livers
Visual As received
% fat 2
free containing
Treatment score^ % fat^ hemorrhages
Control 2 4.25 30.6 65.0
%
87.5
Corn oil , 3.25 15.2 41.5 37.5
Corn oil + choline
Corn oil + biotin
3.56 14.1 40.0 66.7
3.38 15.6 43.1 - 62t5"
Corn oil + chgline + biotin
Yellow grease
3.14 17.1 43.4 57.1
3.25 17.5 46.8 25.0
Yellow grease + choline 3.78 21.7 52.8 66.7
Yellow grease + biotin 4.11 28.2 62.3 88.9
Yellow grease + choline
+ biotin 4.22 24.0 56.3 88.9
Visual score of liver at time of sampling
1 = little fat accumulation
2 = moderate fat accumulation
3 = highly saturated with fat
4 = highly saturated with 1-10 hemorrhages
5 = highly saturated with many hemorrhages
Analyzed by ether extract.
Com oil replaced com at 8.6% of the diet.
^Choline chloride added at 1500 mg per kg of diet.
^Biotin added at 1.1 mg per kg of diet.
^Yellow grease replaced com at 10% of the diet.
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Some Effects of Egg Fat, Corn Oil
and Lard on Adult Rats
R. A. Nelson and C. W. Carlson^
Much has been said and written about the American diet and its possible
effects on heart disease. There are those who contend that major changes must
be made in dietary patterns of the American people, while others say that little
evidence is available to link diet with heart disease. Researchers will, agree
that it is hard to maintain scientific objectivity when human welfare is considered.
Therefore, when conducting research of this nature, the ultimate truth is required.
Since many studies have shown seinim cholesterol level to be related to Coronary
Heart Disease (CHD), many experiments have been conducted to test dietary effects
on serum cholesterol. Two such experiments using albino rats have been conducted
in our laboratory and the results reported (A.S. Series 72-12). Another study is
now under way and will be discussed here.
Seventy adult albino rats previously fed practical diets were divided into
seven treatments to determine the effect of com oil, egg fat and lard on serimi
cholesterol. The three lipids were fed to contribute 20 or 40% of the caloric
value of the diet. For many Americans, 25% of their daily caloric intake comes
from fat. A seventh treatment included only 2% com oil and served as a control
diet, with about 5% of its calories thus coming from fat. The semi-purified
diets were fed on an isocaloric basis each day. The egg fat was extracted from
egg yolk with petroleum ether and therefore contained the egg cholesterol plus
most of the other egg lipids.
As shown in the table, some differences in serum levels are quite apparent.
After body weights became stabilized, rats on all treatments showed increases
in serum cholesterol with those on the egg diets showing the largest increases.
In general, no differences occurred due to fat level in the diet. For com oil
particularly, rats on the 40% diets showed lower cholesterol values than those
on diets with 20% of their calories from com oil. It is interesting to note
that, although the egg fat diets did increase serum cholesterol by about one-
third, feeding twice the amount of cholesterol had very little, if any, effect
upon serum cholesterol.
No analyses have been made on the diets to check their cholesterol content,
but calculated cholesterol consumption indicated that about 100 mg per day were
obtained from the 20% egg fat diet and about 200 mg from the 40% diet. An average
egg contains about 250 to 300 mg of cholesterol. This amount of cholesterol
consumption from the 20% egg fat diet is equivalent to about 30 to 50 eggs per
day for the average American male.
^Superintendent, Poultry Research Center and Professor and Leader, Poultry
Research and Extension.
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A discussion of diet patterns and their possible role in CHD would be too
cumbersome here. In summary though, human consimption of vegetable oils has
increased markedly while consumption of eggs and animal fats has declined. In spite
of these dietary changes, CHD has increased dramatically, suggesting that other
risk factors are playing a greater role in this disease.
Nevertheless, many persons are recommending major dietary changes for the
whole population. Do we upset a whole nation's diet for an unknown percentage
of people who might benefit from a radical dietary change? A drastic change
could cause new problems such as nutritional imbalances, deficiencies or metabolic
disruptions. Such are concerns we cannot completely evaluate with our present
knowledge, but these studies with rats indicate that typical diets play a minimal
role in maintaining serum cholesterol levels. Only with massive cholesterol
intakes were higher serum cholesterol levels noted.
Table 1. Effect of Com Oil, Egg Fat and Lard
on Serum Cholesterol and Weight of Adult Rats
Week of
experiment Control
Com oil fat^ Lard^
20% 40% 20%^ 40% 20% 40%
Mg cholesterol/100 ml blood
0 99 102 104 106 111 102 102
4 109 122 114 123 132 116 126
8 99 113 110 122 154 117 126
14 122 119 115 129 159 123 138
20 145 184 156 214 221 164 158
24 138 160 139 208 199 161 146
28 157 169 154 233 238 165 172
32 146 155 150 211 220 150 152
Avg. body wt. in gm
0 382 372 388 381 364 378 378
4 404 408 416 400 379 406 402
8 408 411 423 407 379 415 414
12 402 414 119 399 364 417 413
16 422 434 446 429 399 442 437
20 418 438 454 431 400 439 436
24 446 458 481 463 438 467 461
28 457 456 483 461 332 472 464
32 467 469 491 470 436 482 474
36 472 472 496 480 447 484 480
40 479 475 487 470 435 481 477
Included in the diet to supply the indicated proportion of calories.
The calculated cholesterol intake is 100 mg/rat/day. This would be
equivalent to about 30 to 50 eggs/day for a man.
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Effect of Fungus-Fermented Soybeans on the Life Cycle
Performance of Japanese Quail
C. C. Chah^, R. A. Nelson\ C. W. Carlson^, G. Semeniuk^,
I. S. Palmer^ and C. W. Hesseltine
Earlier studies at our laboratory have demonstrated that feeding full-fat
soybeans fermented by certain Aspergillus cultures resulted in significantly improved
broiler growth and feed utilization. In conjunction with these findings, the effect
of two Aspergillus species on the life cycle performance of Japanese quail (Cotumix
coturnix japanica) has been investigated and will be reported herein.
Day-old quail chicks were fed a regular starter diet for 10 days. They were
then randomly assigned to five replicate groups of 20 chicks per group and placed
on an experimental diet containing either control or fermented soybeans at 50%
of the diet. The diets were formulated on an isocaloric (3192 Kcal ME/kg) and
isonitrogenous (24% protein) basis. At 4 weeks of age, each group was sexed and
realloted as 8 females and 2 males and fed a layer diet made with the same soybeans
(35% of the diet).
The average body weights and feed efficiency data are summarized in Table 1.
The results of feeding the fermented soybeans to quail chicks indicated significantly
superior weight gains (P<0.01) and feed efficiency (P<0.05) after the 2- and 4-
week growth periods, thus confirming previous observations made with similar cultures
in broiler studies.
The data for hen-day egg production and egg weight (Table 2) from seven con
secutive 28-day periods revealed, however, that diets made with fermented soybeans
failed to exert significant effects on these parameters. On the other hand,
improved fertility and hatchability (Table 3) were evident in the groups receiving
fermented soybeans. Subsequent progeny growth (Table 4) revealed that quail from
dams receiving diets containing fermented soybeans were no heavier than those from
hens fed the control diets at 10 days of age, but again responded significantly
(P<0.01) to the fermented soybean diets through 2 and 4 weeks of age.
Graduate Assistant; Superintendent, Potiltry Research Center; Professor and
Leader, Poultry Research and Extension; Professor and Associate Professor, Depart
ments of Animal Science, Plant Science and Station Biochemistry, respectively.
2
Chief, Fermentation Laboratory, Northern Regional Research LaboratoiTr, U.S.D.A.,
Peoria, Illinois, 61604.
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Table 1. Effect of Feeding Fermented Soybeans on Quail Chick
Weight Gains and Feed Efficiency Responses^
Treatment Initial 2 weeks 4 weeks
Avg. body weight (gm)^
Control 30.5® 57.5® 90.3®
19. A. oryzae A51 30.0® 63.4^ 101.2°•u
22. A. oryzae 506 30.4® 65.6^ 102.1b
3
Feed/gain ratio
Control 4.40^ 4.76°
19. A. oryzae 451 3.36b 3.87^
22. A. oryzae 506 3.12b 3.90°
Ten days old at start of study.
weights having the different superscript are statistically
different (P<0.01).
^Ratios having the same superscript are not statistically
different (P<0.05).
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Table 2, Performance of Laying Quail Fed Fermented Soybeans
Production Average Feed Gain in
Period Treatment (H.D.B.) eee wt. consumption Body wt. weight
(age) % gm (gm/bird/day) gm gm
First Control 68.9 9.7 21.2 127.4 +11.2
(7-10 wk) 19 73.4 9.8 19.3 129.7 +8.6
22 77.2 9.9 19.4 132.3 +9.5
Second Control 83.3 10.5 22.2 138.9 +11.5
(11-14 wk) 19 78.7 10.4 20.3 140.2 +10.5
22 81.8 10.5 20.3 141.6 +9.3
Third Control 84.9 10.5 21.3 140.5 +1.6
(15-18 wk) 19 76.8 10.5 20.9 141.8 +1.6
22 76.8 10.7 20.8 141.8 +0.2
Fourth Control 76.6 10.3 21.9 140.8 +0.3
(19-22 wk) 19 71.9 10.4 23.0 143.8 +2.0
22 74.0 10.3 22.6 140.4 -1.4
Fifth Control 68.8 10.2 20.1 140.2 -0.6
(23-26 wk) 19 65.9 10.2 20.5 145.1 +1.3
22 68.3 10.3 19.7 141.2 +0.8
Sixth Control 58.1 9.9 19.9 136.8 -3.4
(27-30 wk) 19 57.3 10.3 19.8 140.2 -4.9
22 54.5 10.1 19.8 137.8 -3.4
Seventh Control 49.5 9.9 19.0 132.1 -4.7
(31-34 wk) 19 46.4 10.3 18.9 136.1 -4.1
22 40.1 10.0 18.6 134.2 -3.6
Total Control 70.0 10.1 20.8 136.7 +15.9
(Experimental 19 67.2 10.3 20.4 139.6 +15.0
average) 22 67.6 10.3 20.2 138.5 +11.4
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Table 3. Effect of Fermented Soybeans Upon Fertility
and Hatchability
Treatment Eggs set Fertility Hatchability^
Control 238
%
41.3
%
30.1
19. A. oryzae 451 231 48.8 35.3
22. A. oryzae 506 228 47.9 36.1
^Each value represents the mean from four separate trials.
Hatch of all eggs set.
Table 4. Effect of Fermented Soybeans
Upon Progeny Growth^
Avg. body weight (gm)
Treatment Initial 2 weeks 4 weeks
Control
19. A. oryzae
22. A. oryzae
451
506
2
34.1^
35.2^
36.0®
62.6®
73.7b
74.7b
99.1®
107.2b
109.8b
„Ten days old at start of study.
weights having the same superscript are not statistically
different (P<0.01).
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Reproductive Performance of Quail on Purified Diets
G. D, Gackstetter, R. A. Nelson and C. W. Carlson^
In recent years the value of quail as a potential research animal has become
significantly realized. The Japanese quail (Cotumix cotumix japanica) has been
used mostly because of its high degree of individual uniformity and high reproduc
tive efficiency. They are also inexpensive to maintain and have a short life
cycle, which is a great advantage in most research work. In previous studies at
this laboratory, quail have sho\m poor reproductive performance on a purified diet.
The diet was of the glucose-isolated soybean protein type supplemented with the
essential minerals and vitamins.
For this present work, it was decided to compare a glucose-casein diet with
the glucose-isolated soy diet in the first study and in a second study the same
treatments were used with and without an alfalfa supplement. A practical corn-
wheat-soybean meal diet was also fed to a control group of quail in the first
experiment. Observations made were body weight changes, feed intake, egg pro
duction, fertility and hatchability of eggs set. Seven females and two males just
attaining sexual maturity were used per pen, with four pens on each diet for the
first experiment. The second and third studies were conducted with two pens on
each diet, using eight females and two males per group.
The results shown in Table 1 illustrate among other things what had been
observed before, that the glucose-isolated soy diet supported suboptimal egg
production and very poor fertility and hatchability. The glucose-casein diet
supported about the same type of suboptimal egg production, but eggs laid by quail
on this diet showed greatly improved fertility and hatchability. Still, the latter
were inferior to the type of performance observed with eggs from quail fed the
practical diet.
In the second experiment, the 2% alfalfa meal supplement improved egg pro
duction, fertility and hatchability on both types of diets. For some unknown
reason the fertility and hatchability in the second study as compared to the first
appeared to be slightly higher for eggs from quail fed the glucose-isolated soy
diet but much lower for those receiving the glucose-casein diet. Feed intake was
slightly less on the glucose-casein diet, but both purified diets were not consumed
as well as the practical diet.
In the third experiment, the positive responses from alfalfa meal were again
noted. Fish meal showed a production response, whereas all parameters were
superior with the practical diet.
Undergraduate student who conducted this special research problem;
Superintendent, Poultry Research Center and Professor and Leader, Poultry Research
and Extension.
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These studies show that the poor performance may have been in part due to
the reduced palatability of the purified diets as noted by the reduced feed intake.
However, the purified diets were lacking also in a required factor(s) supplied to
some extent by the alfalfa meal.
Table 1. Effects of Alfalfa Meal and Purified Diet Types
on Quail Performance
Body wt. . Egg
^ —^ Hatch of
at end Gm feed/ prod. Egg wt. Fertility all eggs
Diet and treatment gm bird/day (H-D %) m % %
Experiment 1
1. Glucose-isolated
soybean protein^ 129 16.9 51.9 8.4 11.2 1.8
2. Glucose-casein^ 124 15.6 55.4 8.9 67.9 47.2
3. Practical 130 23.9 74.4 9.7 77.0 62.7
Experiment 2
1. Glucose-isolated
soybean protein 130 18.9 47.9 9.6 15.4 4.9
2. As 1+2% alfalfa
meal 132 18.5 56.2 9.6 19.3 10.2
3. Glucose-casein 130 16.0 42.3 8.9 29.5 16.2
4. As 3+2% alfalfa
meal 126 16.7 64.0 9.1 44.4 24.6
Experiment 3
1. Glucose-isolated
soybean protein 144 17.3 26.0 9.2 16.0 1.7
2. As 1 + 1% fish meal, 142 19.0 44.0 9.2 21.0 1.1
3. As 1+2% alfalfa
meal 141 18.2 49.0 9.1 30.0 7.9
4. Practical 143 23.6 64.7 10.5 70.0 49.8
^All diets were supplemented with the recommended minerals and vitamins. Energy
was supplied by glucose and the amino acids by either soy protein and methionine
or casein and glutamic acid.
35
South Dakota State University
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Department of Animal Science A.S. Series 74-2A
Poultry Section
Summary of Costs and Income of Layer Flocks on the SDSU Record Program
Phillip E. Plumart^
Nine flockowners cooperating in the South Dakota State University Computerized
Flock Record Keeping Program submitted operating costs, fixed costs and hired labor
figures after their flocks were closed between July, 1973, and June, 1974.
The figures were submitted to the computer and a business analysis report
for each flock was prepared for the flockowner. The report was divided into four
sections—income, egg production costs, return to labor and management and flock
performance. Summaries of the income and flock performance of all 25 flocks
closed on the program for this year are included in A.S. Series No. 74-14 entitled
"Flock Record Summary." Only those flocks for vdiich the additional records were
received will be covered in this report.
The egg production costs section was divided into two parts—operating costs
and fixed costs. The average figures and the range for the nine flocks are recorded
in Tables 1, 3 and 4. The summarized data are compared to the data of 16 other
flocks closed out between October, 1971, and April, 1972, and 16 flocks closed out
between March, 1972, and June, 1973, as reported in A.S. Series 72-11 (September,
1972) and A.S,. Series 73-13 (October, 1973) . However, the discussion here will
pertain only to the 1973-74 flocks. The size of each flock for 1973-74 averaged
9,409 bixds. The average cost of producing a dozen eggs, excluding labor and manage
ment, was 31.35 cents. The average income per dozen for all eggs sold was 45.09
cents, vhich left the flockowners with a return of 13.74 cents per dozen for labor
and management.
The operating costs of 29.43 cents per dozen were about 94% of the total
cost for producing a dozen eggs excluding labor and management. The net cost
of the pullet was 6.18 cents or about 20%. The initial pullet cost averaged $1.63,
insurance and interest on pullets amoimted to another 7.6 cents per pullet and
salvage value for the old hens decreased the cost by an average of 34.0 cents per
pullet, so that the net cost per pullet was $1,365.
Feed accounted for about 71.0% of the cost of production. Each dozen eggs
took an average of 22.25 cents worth of feed that averaged 5.28 cents per pound,
with a range from 4.23 to 7.01 cents per pound. This represents a new high, in
1972-73 feed costs were 59% of the total.
The rest of the operating costs were maintenance, utilities, insurance on
buildings and equipment and miscellaneous items that averaged 0.24, 0.46, 0.14
and 0.16 cents, respectively. Medication was not listed as a separate cost for
any of these flocks.
'"Assistant Professor and Extension Poultryman.
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Fixed costs are high first costs but represent a very small part of the total
cost of producing a dozen eggs. In this sample, fixed costs amounted to 1.92 cents
per dozen, about 6.1% of the total operating and fixed costs for the flocks. Building
depreciation averaged 0.56 cents, equipment depreciation averaged 0.72 cents,
interest on investment averaged 0.53 cents, and taxes averaged 0.11 cents per
dozen eggs.
Return to labor and management varied from a profit of 6.20 to 17.87 cents
per dozen for all eggs sold (Table 2). The high income flock used feed costing
$90.73 per ton and averaged 61.64% hen-day production \d.th an income of 50.59
cents for all eggs sold. The lowest income flock had a $84.78 per ton feed cost,
67.46% hen-day production and received 29.32 cents per dozen for all eggs sold.
Table 1. Operating and Fixed Costs for Layer Flocks on the South Dakota
State University Flock Record Program, 1971-72^, 1972-73^ and 1973-74
Average Average Average Range
Factor 1971-72 1972-73 1973-74 1973-74
Flock size 8,581 9,101 9,409 4,500 - 15,150
d/doz. d/doz. <?/doz. C/doz.
Total operating cost 22.14 21.26 29.43 21.01 - 37.16
Total fixed costs 2.40 2.32 1.92 0.67 - 3.72
Total production costs 24.54 23.58 31.35 23.12 - 39.11
(excluding labor and mgmt.)
Average income 24.30 22.95 45.09 29.32 - 50.59
Return to labor and management -0.24 -0.63 13.74 6.20 - 17.87
^Sixteen different flocks in each period.
Nine different flocks.
Table 2. Range of Return Per Dozen to Labor and Management for
Layer Flocks, 1971-72\ 1972-73^ and 1973-74^
Return Return Return
1971-72 1972-73 1973-74
cents/dozen cents/dozen cents/dozen
-6.34 to +3.75 -4.40 to +6.06 6.20 to 17.87
2Sixteen different flocks in each period.
Nine different flocks.
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Table 3. Operating Costs of Layer Flocks on the South Dakota State
University Flock Record Program, 1971-72^, 1972-73^ and 1974^
Average Average Average
cost cost cost Range
Factor 1971-72 1972-73 1973-74 1973-74
cents cents cents cents
Initial cost per pullet 170.00 167.00 162.78 150.00 - 172.00
Insurance and Interest/pullet 6.00 8.72 7.62 0.00 - 14.99
Less salvage value/pullet 22.60 34.00 33.90 16.40 - 86.95
Net pullet cost 153.40 141.72 136.50 92.22 - 154.63
O/doz. O/doz. (?/doz. d/doz.
Net pullet cost 7.60 6.53 6.18 4.06 - 7.72
Feed cost 13.68 14.08 22.25 15.51 - 28.66
Medication cost 0.03 0.02 0.00 0.00 0.00
Maintenance cost 0.17 0.11 0.24 0-.04 - 0.72
Utilities cost 0.48 0.40 0.46 0.33 0.60
Insurance on bldg. and equip. 0.11 0.11 0.14 0.05 - 0.37
Miscellaneous costs 0.07 0.02 0.16 0.00 - 0.82
Total operating costs 22.14 21.26 29.43 21.01 - 37.16
2Slxteen different flocks In each period.
Nine different flocks.
Table 4. Fixed Costs of Layer Flocks on the South Dakota State
University Flock Record Program, 1971-72^, 1972-73^ and 1973-74^
Average cost Average cost Average cost Range
per dozen per dozen per dozen per dozen
Factor 1971-72 1972-73 1973-74 1973-74
cents cents cents cents
Building depreciation 0.61 0.77 0.56 0.22 - 1.12
Equipment depreciation 0.88 0.82 0.72 0.00 - 1.23
Interest on Investment 0.69 0.65 0.53 0.12 - 1.25
Taxes 0.23 0.08 0.11 0.04 - 0.43
Total fixed costs per dozen 2.40 2.32 1.92 0.67 - 3.72
2Slxteen different flocks In each period.
Nine different flocks.
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Boyd J. Bonzer—Extension Poultryman, Animal Science
Department, South Dakota State University
C. Wendell Carlson—Ph.D., Leader, Poultry Research and
Extension Section, Animal Science Department, South
Dakota State University
Layle Evans—President, S.D.P.I.A., Verdon, South Dakota
John Gross—Federal-State Supervisor, Egg Inspection,
A.M.S., U.S.D.A., St. Paul, Minnesota
Edmund Guenthner—Assistant Professor, Animal Science
Department, South Dakota State University
Marion Holter—Past Poultryman of the Year, Platte, South
Dakota
Raymond A. Moore—Ph.D., Director, Agricultural Experi
ment Station, South Dakota State University
Walter C. Morgan—Ph.D., Professor, Animal Science De
partment, South Dakota State University
Richard A. Nelson—Superintendent, Poultry Research
Center, Animal Science Department, South Dakota
State University
Phillip E. Plumart—Assistant Professor and Extension
Poultryman, Animal Science Department, South Dakota
State University
John Sieh—Past Producer of the Year, Groton, South
Dakota
George M. Speers—Ph.D., Agricultural Services, Land
O'Lakes, Inc., Ft. Dodge, Iowa
Cliff Stewart—Market Area Manager, Shaver Poultry
Breeding Farms, Ltd., Des Moines, Iowa
